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EXECUTIVE SUMMARY 

The origins of chinook salmon captured as bycatch in fisheries targeting groundfish in 

the Gulf of Alaska and Bering SealAleutian Islands is a management and conservation 

concern for the State of Alaska. Mixed-stock analysis using genetic data has been 

successfully used to identify stock components of chinook salmon mixtures in Washington 

and British Columbia and may be an ideal tool for identifying stock of origin of bycaught- 

chinook salmon in Alaskan waters. Though populations of chinook salmon from California to 

British ~ o l u m b i a  have been genetically well characterized, data describing Alaskan 

populations are limited. In this study we report genetic data from spawning populations of 

chinook salmon throughout Alaska to better identify populations that may be contributing to 

bycatch in the Gulf of Alaska and the Bering Sea. 

For this report we have completed genetic analysis on 22 of 47 populations sampled to 

date. Based on heterogeneity and distance analyses, at least four unique genetic lineages were 

identified: Southeast Alaska, Chilkat River, Southcentral Alaska, and Northwest Alaska. In 

year two of this study we will complete genetic analysis of all populations, use simulation 

studies to evaluate the performance of the genetic model for mixed stock analysis, and assess 

the impact of hatchery practices in Southeast Alaska. 



INTRODUCTlON 

Chinook salmon originat~ng in North America and Asia form aggregations composed 

of numerous populations during their ocean residency in the North Pacific. Identification of 

components of these admixtures of chinook salmon caught in international waters, in the U.S. 

Exclusive Economic Zone, and in the large river systems leading to spawning tributaries, has 

been the focus of many research studies throughout the Pacific h m .  

During their ocean residency, chinook salmon are caught incidentally by trawl vessels 

targeting a variety of groundfish species in the Bering SealAleutian Islands (BS/AI) and Gulf 

of Alaska ( W A ) .  This bycatch is of particular concern to the State of Alaska. Between 1991 

and 1994, chinook salmon bycatch in these fisheries has ranged from 13,973 to 37,592 in the 

GOA, and from 35,776 to 45,905 in the BSIAI (David Ackley, Alaska Department of Fish 

and Game, Juneau, pers. comm.). Incidental catch of chinook salmon has occurred in 

domestic groundfish trawl fisheries targeting several flatfish and rockfish species, as well as 

Atka mackerel, pollock, Pacific cod, and sablefish. 

Incidental catch of chinook salmon in the groundfish fisheries exacerbates chinook 

salmon allocation issues and may promote chinook conservation problems in certain areas of 

Alaska. Additionally considerable attention has recently been focused on the severe depletion 

of certain chinook salmon stocks originating in California, Oregon, and Washington (Nehlsen 

et al. 1991; Waples et al. 1991; Mathews and Waples 1991; Utter et al. 1993). Because of 

the lack of geographically-specific data on stock composition of chinook salmon caught as 

bycatch in the groundfish fisheries, the potential impacts of the groundfish fisheries on 

chinook salmon stocks cannot be adequately determined. Methods for identifying more 



specific geographic origins of chinook salmon caught incidentally in the groundfish fisheries 

are needed to address concerns regarding conservation and allocation of chinook salmon. 

Most chinook salmon caught incidentally in the domestic groundfish fisheries probably 

originate from a large number of river systems in Alaska, British Columbia, and the Pacific 

Northwest, and to a lesser extent from Asia. However, no recent, definitive data are available 

to estimate the proportions of chinook salmon from different areas in the total chinook 

bycatch, and the amount of interannual variability in stock composition of chinook salmon 

taken as bycatch in the groundfish fisheries is unknown. Myers and Rogers (1988) estimated 

the stock origins of chinook salmon caught incidentally by foreign and joint venture 

groundfish vessels operating in the eastern Bering Sea portion of the U. S. Exclusive 

Economic Zone based upon scale pattern analyses. Origins of chinook were generally only 

specified to broad regions such as western or central Alaska, and estimates were based on 

scale samples collected in 1979, 1981, and 1982. 

Purpose 

Mixed stock analyses (MSA) using proteins detected by allozyme electrophoresis has 

become an important part of many salmonid management programs (e. g. Milner and Teel 

1979; Utter et al. 1987; Shaklee et al. 1990; Utter et al. 1993). The underlying genetic 

differences among stocks can be used to differentiate groups in mixtures of Pacific salmon 

(e.g. Milner and Teel 1979; Grant et al. 1980; Seeb et al. 1986; Gall et al. 1989; Seeb et al. 

1990, Seeb et al. 1995), and a statistical framework based on maximum likelihood estimates 

evolved to identify individual stocks within mixtures (Milner et al. 1981; Fournier et al. 1984; 



Millar 1987; Pella and Milner 1987; Smouse et al. 1990; Gomulkiewicz et al. 1990; Masuda 

et al. 1991; Pella et al. 1994). 

The genetic structure of chinook salmon populations has been studied throughout much 

of the species range in western North America (e.g. Gharrett et al. 1987; Reisenbichler and 

Phelps 1987; Utter et al. 1989; Beacham et al. 1989; Winans 1989; Bartley and Gall 1990). 

Utter et al. (1989) identified 65 genetically distinct population units from California to British 

Columbia based upon genetic variation at 25 polymorphic allozyme loci. Gharrett et al. 

(1987) studied Alaska populations ranging from Norton Sound to Southeast Alaska from 

collections made in 1982 through 1984. They found that chinook salmon from western 

Alaska were distinct from a rather heterogeneous set of populations from southeastern Alaska. 

Beacham et al. (1989), studying Canadian populations from the Yukon River, found that 

riverine populations from the Yukon River drainage showed substantial subdivision. Wilmot 

et al. (1992) identified a distinct separation between upper and lower Yukon River stocks. 

However, many areas are clearly underrepresented in the Alaska baseline. A complete data 

set, including Alaska populations, is necessary for the success of this approach, particularly in 

light of suggestions to designate major portions of the North Pacific as critical habitat for 

endangered stocks. 

The objectives of this study are to extend the existing allozyme data for Alaska wild 

and hatchery chinook salmon, to more accurately characterize individual stocks in bycatch 

mixtures, and to evaluate the use of these data to identify stock components of the trawl 

bycatch in the Bering SealAleutian Islands and Gulf of Alaska areas. The results presented 

here cover the first year of a two-year study. 



APPROACH 

Sample Collecfion 

A total of 47 populations and approximately 4000 individuals (Appendix 1) have been 

collected by Alaska Department of Fish and Game (ADF&G) and cooperating agencies. 

Results from 22 populations are presented in this progress report (Table 1, Figure 1). 

Since much of the baseline genetic data for chinook salmon in Northwest Alaska are 

from a mixed origin (e.g. Gharrett et al. 1987), we attempted to sample 100 adults from each 

population on the spawning grounds or 150 juveniles if a sufficient number of adults could 

not be obtained. Individual tissues (muscle, liver, eye, and heart) were excised from the 

carcasses, placed in 2.0 ml cryotubes, and frozen as soon as possible in liquid nitrogen or on 

dry ice. Samples were stored in -80" C until subsampled for allozyme analysis. Archive 

tissues are being maintained -80" C for all collections. 

Laboratory Analysis 

Protein extracts were prepared from the tissues and electrophoresed following the 

general protocols outlined in Harris and Hopkinson (1974), May et al. (1979), and Aebersold 

et al. (1985) by ADF&G Genetics staff. Allozyme phenotypes were scored and entered 

directly onto personal computer workstations connected to a local and wide-area network and 

backed-up nightly onto tape. We used the enzyme nomenclature adopted by the American 

Fisheries Society (Shaklee et al. 1990). Data collected for this project will be contributed to 

an inter-agency coastwide database for chinook salmon currently maintained by National 

Marine Fisheries Service ( M S ) ,  Seattle, WA. To assist in standardizing data, we made 

exchange visits to all genetics laboratories contributing to the coastwide database (Washington 



Department of Fish and Wildlife, NMFS-Seattle, WA, and NMFS-Auke Bay, AK). 

Statistical A ndy sis 

Individual genotypic data were summarized into allelic frequencies (Table 3). Tests 

for departure from Hardy-Weinberg equilibrium were made for all loci with the exception of 

three loci listed below, and observed and expected heterozygosity calculated. We followed 

the coastwide standard for GPI-B2*, GPIP and sMEP-2 * where only homozygote phenotypes 

were scored. Expected frequencies were calculated for these three loci assuming Hardy- 

Weinberg equilibrium (Table 3). 

Geographic and temporal heterogeneity among collections were evaluated with 

hierarchical G-tests (modified from Weir 1990) and F-statistic analyses (Chakraborty 1980) to 

test for divergence within and among major southcentral and western Alaska river systems. 

The collections were arranged into a hierarchy based on geography (Figure 2). Individual 

collections were grouped by drainage or close proximity, then drainages were grouped by 

regions within the state. 

Genetic distances were calculated and used to describe genetic relationships in two 

ways. First, we performed a clustering analysis using the unweighted pair group method with 

arithmetic averages (UPGMA; Sneath and Sokal 1973) using Nei's unbiased genetic distances 

(Nei 1978). Secondly, we used multidimensional scaling (MDS, Krzanowski and Marriott 

1994) with Cavalli-Sforza and Edwards chord distance (Cavalli-Sforza and Edwards 1964) to 

group populations in multidimensional space so that resulting interpopulation distances in 

multidimensional space closely match the observed distances. All analyses were performed 

using S-PLUS software package (Version 3.2, MathSoft Inc., Seattle, WA). 



FINDINGS 

The gene products of 66 enzyme-encoding loci were detected (Table 2). 

Polymorphisms in at least one collection were observed at 38 of the 66 loci (Table 3). 

PEPBI * was resolved well only on a high pH buffer which precluded resolution of the *-350 

allele. 

Tests for conformation to Hardy Weinberg expectations were conducted. Of 437 

possible tests, ten tests did not conform to Hardy-Weinberg expectation. These were ADA- 

1 *, Ayakulik River 1993; GA PDH-2 *, Little Port Walter Hatchery-Chickamin 1993; sIDHP- 

1 * and PEPB-I*, Unalakleet River 1992; PEPB-I*, Unalakleet River 1993; TPI-4*, Deception 

Creek 1991; sAA T-4*, Kanektok River 1992; sAA T-3 *, Kogrukluk River 1993; and sAA T-3 * 

and PGK-2 *, Little Port Walter Hatchery-Unuk. No single population had more significant 

tests than expected by chance, and no single locus had more significant tests than any other. 

Observed heterozygosity ranged from 0.024 to 0.054; expected heterozygosity ranged from 

0.024 to 0.055 (N=66 loci, except for the Farragut River 1993 Juvenile collection which was 

computed over 60 loci). 

A minimum sample size of 30 individuals in a collection was established for inclusion 

in statistical analyses evaluating genetic relationships within and among populations. Six 

collections, Big Boulder Creek 1992, Big Boulder Creek 1993, King Salmon River 1992, 

Klutina River 1991, Takotna R v e r  1992, and Unalakleet Rver  1992 had sample sizes below 

that threshold. However, no heterogeneity was observed between Big Boulder Creek 1992 

and 1993, nor between Unalakleet Rver  1992 and 1993 (Table 4), therefore multiple-year 

collections from these locations were pooled and included In the analysis. The remaining 



three collections (King Salmon River 1992, Klutina a v e r  1991, Takotna River 1992) were 

not included in the analysis, but allelic frequencies are reported (Table 3). A fourth 

collection, Farragut R v e r  juveniles 1993, was not included in the analysis because of missing 

loci. 

Two other multiple-year collections made in the same river system were also 

combined. No heterogeneity was observed between Kanektok River in 1992 and 1993 nor 

between Kogrukluk R v e r  in 1992 and 1993 (a = 0.01, Table 4). 

Hierarchical likelihood ratio tests revealed significant heterogeneity among the 

Southeast, Southcentral, and Northwestern regions (Table 5). Significant heterogeneity was 

observed among drainages within each of the three regions. Significant heterogeneity was 

also observed between Whitman Lake Hatchery and Little Port Walter Hatchery broodstocks 

both derived from the Chickamin River in Southeast Alaska. No heterogeneity was observed 

within a drainage in any other region of the state. 

Results from the gene diversity analysis (Table 6) show that within population 

variation accounted for most of the variability observed, while divergence among drainages 

within regions accounted for 2.34% of the variability, and divergence among regions 

accounted for 3.69% of the variability. 

The genetic relationships among populations of Alaskan chinook salmon are depicted 

by a UF'GMA phenogram (Figure 3). The topology of this phenogram closely resembles the 

geographic-distribution hierarchy (Figure 2) applied to the heterogeneity analysis. Two 

distinct genetic units are apparent, one comprised of Southeast Alaska populations and one 

comprised of all remaining populations. Within Southeast Alaska, chinook from the Chilkat 



a v e r  drainage segregate from all other populations. Southcentral populations from Kodiak 

and Cook Inlet are separate from all populations north of the Alaska peninsula and from 

Deception Creek. Deception Creek is a tributary of the Susitna R v e r  in Southcentral Alaska, 

which, interestingly, clusters with the northwestern Alaska populations. Within the Northwest 

Alaska group, Bristol Bay populations cluster together and are closely related to Goodnews 

and Kuskokwim Bay populations. The most divergent northwestern Alaska population is the 

Unalakleet h v e r  in Norton Sound. 

Multidimensional scaling examines the entire set of interpopulation genetic distances 

as opposed to working on a pair-by-pair basis as in the UPGMA clustering method. The 

results of MDS (Figure 4) support population groupings derived by UPGMA; the Chilkat 

lhver drainage, Southeast Alaska, Southcentral Alaska and northwestern Alaska segregate into 

definite groups. 



EVALUATION 

The success of MSA to identify stock components in a mixed fishery depends on the 

accurate characterization of potentially contributing stocks and the magnitude of allele 

frequency differences among them (Pella and Milner 1987). The goal of this project is to 

improve characterization of Alaska chinook salmon in order to use MSA to estimate origin of 

chinook salmon bycatch in the GOA and BSIA. Allele frequency differences detected among 

22 Alaskan populations described in this study should allow improved estimation of origin for 

Alaska chinook salmon. 

Patterns of genetic relationships in this study closely match those of Gharrett et al. 

(1987) and, with one exception, generally reflect geographical proximity. Southeastern 

Alaskan and northwestern Alaskan stocks are clearly divergent from one another. Within 

Southeastern Alaska populations, tributaries of the Chilkat h v e r  are divergent from all other 

Southeastern stocks. Gharrett et al. (1987) discussed how the Chilkat River may have been 

colonized via a headwater transfer event following deglaciation. Our report provides 

additional evidence to support this hypothesis. The alleles sAA T-I,2 *85 and TPI-3 *96 occur 

in most other Southeastern Alaska populations, but they are absent from the Chilkat River and 

all other Alaskan populations analyzed. Within northwestern Alaska populations, genetic 

differences appear to occur between Kuskokwim/Goodnews/Bristol Bay populations and the 

Unalakleet b v e r .  

We also obsemed another potentially identifiable group, Southcentral Alaska, 

containing a Cook Inlet population and two Kodiak Island populations. However, Deception 

Creek, a tributary of the Susitna h v e r  which flows into Cook Inlet, showed a closer genetic 



relationship to northwestern Alaska than to Southcentral Alaska. Gharrett et al. (1987) 

observed this relationship with chinook salmon from Indian fiver,  a tributary of the Susitna 

fiver; Seeb et al. (1995) observed a similar relationship among chum salmon from Chunilna 

River. Both Indian River and Chunilna River are part of the Susitna f iver  drainage. Seeb et 

al. (1995) hypothesized that chum salmon recolonization after the last glaciation occurred 

from the Bering Refugium instead of from the Pacific Refugium. This pattern may be 

repeated in chinook salmon. 

Simulation studies will be performed to determine the identifiable genetic units of 

chinook salmon both within Alaska and among Alaskan and other Pacific Northwest and 

British Columbia populations. Potential genetic units in Alaska, based on the heterogeneity 

and distance analyses, include Southeast Alaska, Chilkat fiver,  Southcentral Alaska, and 

Northwest Alaska. Alaskan populations should be distinguishable from many southern British 

Columbia and Pacific Northwest populations. For example, some alleles (e.g. mSOD*50) are 

found in Alaskan populations that are not seen in more southerly populations surveyed by 

Utter et al. (1989). Likewise, sSOD-1*580 occurred at a low frequency in approximately 

one third of the more southerly populations (Utter et al. 1989), but was only observed in one 

Southeastern hatchery stock in this study. Further, differences in allele frequencies are 

apparent at several loci (i.e. sAA T-3*, MPI*, sSOD-1) when the data from this study are 

compared to Utter et al. 1989. 

We observed heterogeneity between two broodstocks, Little Port Walter and Whitman 

Lake, which were both derived from the Chickamin River. Significant allele frequency 

changes in hatchery stocks over time will necessitate routine genetic sampling to assess 



potential genetic impacts on wild stocks and to obtain accurate allele frequency estimates for 

mixed fishery applications. This is especially critical because hatchery stocks have been 

shown to contribute up to 30% of Southeast Alaska fisheries (McGee et al. 1990). 

Chinook salmon bycatch can have negative affects on a broad range of users of 

chinook salmon and groundfish resources. These incidental catches may have detrimental 

effects on directed commercial, sport and subsistence chinook salmon fisheries. In addition, 

management actions which may be taken to limit incidental catch of chinook salmon may 

impact the groundfish industry. Similarly, many sectors of the fishing industry may benefit 

from successful efforts to manage chinook bycatch. The data collected in this study can be 

used to accurately identify the contribution of Alaskan populations in bycatch or other 

highseas samples. 



CONCLUSION AND FUTURE DIRECI'ION 

We have made progress in genetically characterizing spawning populations of chinook 

salmon. Previously, only the Yukon Bver  and Southeast Alaska had been examined 

adequately; allele frequencies for Northwestern and Southcentral populations published to date 

were of mixed origin. The results of this study . . have been extremely encouraging; they 

indicate that at least four Alaskan lineages can be readily identifiable in a mixture. 

In year two of this study (Project NA46FD0356) we began examining populations for 

DNA markers. These markers offer the potential of further fine scale differentiation among 

populations, and they do not require cryopreservation of sample material. However, 

additional development and standardization of these markers will be required before they 

could be incorporated into a Pacific Rim analysis. 

We plan to continue collecting allozyme data from the remaining collections, focusing 

on areas still not well described. These include the Copper River, Kenai Peninsula, Bristol 

Bay, and Upper Kuskokwim River. We will continue sampling efforts on the Alaska 

Peninsula and Cook Inlet and continue to characterize Southeast hatchery stocks. 

We will continue to standardize allele mobilities reported in this study against those 

used in the coastwide database for chinook salmon. After incorporation of Alaskan allele 

frequencies in the existing coastwide database, simulations will be performed to determine 

identifiable genetic units of chinook salmon. We will also evaluate the impact of fluctuating 

allele frequencies of hatchery populations on mixture analyses. Allele frequencies for new 

populations and the results of simulation analyses will be presented in a final report of 

Projects NA26FD0157-01 and NA46FD03 56, with completion anticipated in December 1995. 
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Table 1. Collection location, life history stage of samples (A=adult, J=juvenile), sample size, 
and collection year of chinook salmon populations analyzed to date. Map reference numbers 
refer to Figure 1. 

Location Life N Year Map 
Stage Ref. # 

Southeast 

Chickamin River 

Little Port Walter Hatchery 

Whitman Lake Hatchery 

Unuk f ive r  

Little Port Walter Hatchery 

Farragut River 

Farragut River 

King Salmon River 

Chilkat River 

Big Boulder Creek 

Big Boulder Creek 

Kelsall River 

Tahini f iver  

Central 

Copper River 

Klutina f iver  

Kasilof River 

Crooked Creek Hatchery 

Susitna f iver  

Deception Creek 

Kodiak Island 

Karluk River 

Ayakulik f iver  



Location Life N Year Map 
Stage Ref. # 

Bristol Bay 

Nushagak River 

Stuyahok River 

Upper Nushagak River 

Togiak River 

Nabwest  

Goodnews River 

Kanektok River 

Kanektok River 

Kuskokwim River 

Tuluksak River 

Kogrukluk River 

Kogrukluk River 

Takotna River 

Unalakleet River 

Unalakleet River 



Table 2. Buffers and tissues used to resolve loci screened in chinook salmon. Enzyme 
nomenclature follows Shaklee et al. (1990), and locus abbreviations are given. 

Enzyme or Protein Enzyme Locus Tissue Buffer' 
Number 

-- 

Aspartate aminotransferase 2.6.1.1 

Adenosine deaminase 3.5.4.4 

Aconitate hydratase 4.2.1.3 

Alanine aminotransferase 2.6.1.2 

Creatine kinase 2.7.3.2 

Fumarate hydratase 4.2.1.2 

Glyceraldehyde-3-phosphate 1.2.1.12 
dehydrogenase 

Glycerol-3-phosphate 
dehydrogenase 

Glucose-6-phosphate isomerase 5.3.19 

mAA T-2 * 
mAA T-3 * 
ADA-1 * 
ADA-2* 

sAH* 

ALAT* 

CK-B * 
CK-Cl * 
CK-C2 * 
m* 
GA PDH-1 * 

GAPDH-2* H 

GAPDH-I* E 

GAPDH-5* E 

G3PDH-I* H 

G3PDH-2* H 

G3PDH-3* H 

G3PDH-I* H 

GPI-B 1 * M 

ACE6.8, 
TC4 

ACE6.8,TC4 

ACE6.8,TC4 

TG, TC4 

TG, TC4 

ACEN6.8 



Table 2. Continued. 

Enzyme or Protein Enzyme Locus Tissue Buffer' 
Number 

GPI-B 2 * M TG 

GPI-A M TG 

GPIr * M TG 

Hydroxyacylglutathione 3.1.2.6 HA GH* 
hydrolase 

L-Iditol dydrogenase 1.1.1.14 IDDH-1 * 

Isocitrate dehydrogenase 1.1.1.42 m IDHP-1 * 
(NADP+) 

L-Lactate dehydrogenase 1.1.1.27 LDH-A 1 * 
LDH-A 2 * 
LDH-B 1 * 
LDH-B 2 * 
LDH-C* 

Malate dehydrogenase 

L TBCL 

L TBCL 

TC4, ACE6.8 

TC4, ACE6.8 

TG 

TG 

TG 

TG 

TG, ACE6.8 

ACEN6.8, 
ACE6.8 

ACEN6.8, 
ACE6.8 



Table 2. Continued 

Enzyme or Protein Enzyme Locus Tissue Buffer' 
Number 

Malic enzyme (NADP+) 1.1.1.40 sMEP-1 * H,L TC4, ACE6.8 

Mannose-6-phosphate isomerase 

Dipeptidase 

Tripeptide aminopeptidase 

Peptidase-C 

Proline dipeptidase 

Peptidase-LT 

Phosphogluconate 
dehydrogenase 

Phosphoglucomutase 

Phosphoglycerate kinase 

Superoxide dismutase 

Triose-phosphate isomerase 

mMEP-1 * 
MPI * 
PEPA * 
PEPB-I* 

PEPC 

PEPD * 
PEP-L T * 
PGDH* 

PGM-1 * 
PGM-2 * 
PGK-1 * 
PGK-2 * 
mSOD-1 

sSOD-1 * 
TPI-1 * 
TPI-2 * 
TPI-3 * 
TPI- 4 * 

TG, TC4 

TG 

TC4, ACEN6.8 

TG 

ACE7.2 

TG 

ACE6.8 

ACE6.8 

TG, TC4 

TG, TC4 

l ~ C ~ 6 . 8  = amine-citric acid-EDTA buffer, pH 6.8; ACEN6.8 = amine-citric acid-EDTA-NAD 
buffer, pH 6.8; TBCL = Tris-citric acid gel buffer, lithium hydroxide-boric acid electrode 
buffer, pH 8.5; TC4 = Tris-citric acid buffer, pH 5.95; TG = Tris-giycine buffer, pH 8.5 



Table 3 .  Allele frequencies for Alaskan chinook salmon analyzed in this study 

P o p u l a t i o n  

Big Bou lde r  Creek  1992 
Big Bou lde r  Creek  1993  

poo led  
K e l s a l l  R i v e r  1993 
T a h i n i  R i v e r  1992 
King Salmon R i v e r  1992 
Whitman Lake-Chickamin R i v e r  1993 
L i t t l e  P o r t  Walter-Chickamin R i v e r  1993 
F a r r a g u t  R i v e r  A d u l t s  1993 
F a r r u g u t  R i v e r  J u v e n i l e s  1993 
L i t t l e  P o r t  Walter-Unuk R i v e r  1993 
K l u t i n a  R i v e r  1991 
Decep t ion  Creek 1991  
Crooked Creek 1992 
Ayakul ik  R i v e r  1993 
Kar luk  R i v e r  1993 
Nushagak R i v e r  1993 
Stuyahok R i v e r  1993 
Togiak R i v e r  1993 
Goodnews R i v e r  1993 
Kanektok R i v e r  1992 
Kanektok R i v e r  1993 

poo led  
Kogrukluk R i v e r  1992 
Kogrukluk R i v e r  1993 

poo led  
Tu luksak  R i v e r  1993 
Takotna  R i v e r  1992 
U n a l a k l e e t  R i v e r  1992 
U n a l a k l e e t  R i v e r  1993 

poo led  



Table 3 .  Continued. 

P o p u l a t i o n  

Big Boulder  Creek 1992 
Big Boulder  Creek 1993 

poo led  
K e l s a l l  R i v e r  1993 
T a h i n i  R i v e r  1992 
King Salmon R i v e r  1992 
Whitman Lake-Chickamin R i v e r  1993 
L i t t l e  P o r t  Walter-Chickamin R i v e r  
F a r r a g u t  R iver  A d u l t s  1993 
F a r r u g u t  R i v e r  J u v e n i l e s  1993 
L i t t l e  P o r t  Walter-Unuk R i v e r  1993 
K l u t i n a  R i v e r  1991 
Decept ion Creek 1991  
Crooked Creek 1992 
Ayakul ik  R i v e r  1993 
Kar luk  R i v e r  1993 
Nushagak River  1993 
Stuyahok R i v e r  1993 
Togiak R i v e r  1993 
Goodnews R i v e r  1993 
Kanektok R i v e r  1992 
Kanektok River  1993 

poo led  
Kogrukluk R i v e r  1992 
Kogrukluk River  1993 

poo led  
Tuluksak R i v e r  1993 
Takotna  R i v e r  1992 
U n a l a k l e e t  R i v e r  1992 
U n a l a k l e e t  R i v e r  1993 

poo led  93 0.995 0.000 0.000 0.005 
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Table 3 .  Cont inued.  

P o p u l a t i o n  

B ig  Bou lde r  C r e e k  1992 
B ig  Bou lde r  C r e e k  1993  

p o o l e d  
Kelsall  R i v e r  1993  
T a h i n i  R i v e r  1992 
King Salmon R i v e r  1992 
Whitman Lake-Chickamin R i v e r  1993 
L i t t l e  P o r t  Wal ter -Chickamin R i v e r  
F a r r a g u t  R i v e r  A d u l t s  1993 
F a r r u g u t  R i v e r  J u v e n i l e s  1993  
L i t t l e  P o r t  Walter-Unuk R i v e r  1993 
K l u t i n a  R i v e r  1 9 9 1  
D e c e p t i o n  Creek  1 9 9 1  
Crooked Creek  1992 
A y a k u l i k  R i v e r  1993  
K a r l u k  R i v e r  1 9 9 3  
Nushagak R i v e r  1993  
S tuyahok  R i v e r  1993  
T o g i a k  R i v e r  1 9 9 3  
Goodnews R i v e r  1993  
Kanektok  R i v e r  1992 
Kanektok R i v e r  1993  

p o o l e d  
Kogrukluk  R i v e r  1992 
Kogrukluk  R i v e r  1993  

p o o l e d  
T u l u k s a k  R i v e r  1993  
T a k o t n a  R i v e r  1992 
U n a l a k l e e t  R i v e r  1992 
U n a l a k l e e t  R i v e r  1993  

p o o l e d  
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Table 3 .  Cont inued.  

P o p u l a t i o n  

Big  Bou lde r  Creek  1992 
Big  Bou lde r  Creek  1993 

p o o l e d  
K e l s a l l  R i v e r  1993 
T a h i n i  R i v e r  1992 
King Salmon R i v e r  1992 
Whitman Lake-Chickamin R i v e r  1993 
L i t t l e  P o r t  Wal ter -Chickamin R i v e r  
F a r r a g u t  R i v e r  A d u l t s  1993 
F a r r u g u t  R i v e r  J u v e n i l e s  1993 
L i t t l e  P o r t  Walter-Unuk R i v e r  1993 
K l u t i n a  R i v e r  1991  
D e c e p t i o n  Creek 1991 
Crooked Creek  1992 
Ayaku l ik  R i v e r  1993 
K a r l u k  R i v e r  1993 
Nushagak R i v e r  1993 
Stuyahok R i v e r  1993 
Tog iak  R i v e r  1993 
Goodnews R i v e r  1993 
Kanektok R i v e r  1992 
Kanektok R i v e r  1993 

p o o l e d  
Kogrukluk R i v e r  1992 
Kogrukluk R i v e r  1993 

p o o l e d  
Tu luksak  R i v e r  1993 
Tako tna  R i v e r  1992 
U n a l a k l e e t  R i v e r  1992 
U n a l a k l e e t  R i v e r  1993 

poo led  





Table 4. Log-likelihood ratio analysis of interannual collections of chinook salmon. 

Collection G-statistic d.f. P 

Big Boulder Creek 1992 

Big Boulder Creek 1993 

Kanektok R v e r  1992 

Kanektok a v e r  1993 

Kogrukluk River 1992 

Kogrukluk River 1993 

Unalakleet -River 1992 

Unalakleet River 1993 



Table 5. Log-likelihood hierarchical analysis of chinook salmon within and among regions in 

Alaska. 

Collection G-statistic d.f. P 

Alaska 

Among Regions 

Within Regions 2346 944 0.000 

Southeast 1272 345 0.000 

Among Drainages (+ Unuk and Farragut) 964 177 0.000 

Within Drainages 308 177 0.000 

Chilkat 95 118 0.941 

Chickamin Strain 213 59 0.000 

Southcentral 579 177 0.000 

Among Drainages (+ Deception and Crooked) 545 118 0.000 

Within Drainages 34 5 9 0.996 

Kodiak Island 34 5 9 0.996 

Northwest 

Among Drainages (+ Unalakleet) 

Within Drainages 

Nushagak 

Kuskokwim 



Table 6. Gene diversity analysis (Chakraborty 1980) among Alaskan stocks of chinook salmon. 

Source Gene diversity Coefficient of Gene 

Differentiation 

Within subpopulations H, = 0.0436 GsT = 0.93 13 

Among subpopulations within drainages HDs = 0.0004 GDS,,) = 0.0084 

Among drainages within region H,, = 0.0010 GDRv) = 0.0234 ' 

Among regions H,, = 0.0016 GRT = 0.0369 

Total Gene Diversity H, = 0.0436 







Farragut River 

Chickamin River-WL 

r- 
----- '------ Unuk River-LPW 

Chickamin River-LPW 

- Tahini River 
- 

- Big Boulder Creek 

I "--- Kelsall River 

- Karluk River 

- Ayakulik River 
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'----------- Unalakleet River 

- Kogrukluk River 

Figure 3. UPGMA phenogram of Alaskan populations of chinook salmon 
analyzed to date. Nei's unbiased genetic distance was used. 

- 

- 
- Goodnews River 

- Kanektok River 

+ 

- 

Deception Creek 

Togiak River 
L 

Stuyahok River 

Nushagak River 
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1. Big Boulder Cr. 11. Karluk R. 
2. Kelsall R. 12. Nushagak R. 
3. Tahini R. 13. Stuyahok R. 
4. Whitrnan Lake 14. Togiak R. 
5. LPW: Chickamin 15. Goodnews R. 
6. Farragut River 16. KaneMok R. 
7. LPW: Unuk 17. Kogrukluk R. 
8. Deception Cr. 18. Tuluksak R. 
9. Crooked Cr. 19. Unalakleet R. 
10. Ayakulik R. 

Southeast 

0.0 

Dimension 2 

Figure 4. Multidimensional scaling plot using Cavalli -Sforza and Edwards genetic distance of chinook salmon 
populations analyzed to date. 



Appendix 1. Collections of Alaskan chinook salmon sampled for genetic analysis. Both analyzed 

and unanalyzed collections are given. 

Location Life N 

Stage 

Year 

Southeast 

Tamgass Hatchery (Chickaminmnuk cross) 

Tamgass Hatchery (ChickaminIUnuk cross) 

Chickamin River 

Little Port Walter Hatchery 

Whitman Lake Hatchery 

Whitman Lake Hatchery 

Whitman Lake Hatchery 

Medvejie Hatchery 

Neets Bay Hatchery 

Unuk River 

Deer Mountain Hatchery 

Deer Mountain Hatchery 

Deer Mountain Hatchery 

Deer Mountain Hatchery 

Little Port Walter Hatchery 

Unuk River 

Andrew Creek 

Crystal Lake Hatchery 

Crystal Lake Hatchery 



Location Life N Year 
Stage 

Hidden Falls Hatchery 

Hidden Falls Hatchery - 
Medvejie Hatchery 

Farragut f iver  

Farragut River 

Farragut River 

King Salmon River 

King Salmon f iver '  

King Salmon f iver  

Little Port Walter Hatchery 

Snettisham Hatchery 

Chilkat f iver  

Big Boulder Creek1 

Big Boulder Creek 

Big Boulder Creek 

Big Boulder Creek 

Kelsall River' 

Kelsall River 

Tahini River' 

Tahini River 

Central 

Copper River 

Gul kana River 



Location Life N Year 
Stage 

Gulkana f iver 

Klutina River 

Anchor &ver 

Stariski Creek J 152 1993 

Deep Creek J 151 1993 

Ninilchik River J 150 1993 

Kasilof Rver  

Crooked Creek Hatchery 

Kasilof River 

Kenai River 

Susitna River 

Deception Creek 

Kodiak Island 

Karluk River 

Ayakulik River 

Bristol Bay 

Nushagak River 

Stuyahok River 

Stuyahok Rver  

Upper Nushagak Bver  

Upper Nushagak River 

Upper Nushagak River 

Togiak River 



Location 
- 

Life N Year 
Stage 

- - 

Togiak River 

Lewis Point (mixed origin) 

Notihwest 

Goodnews h v e r  

Goodnews h v e r  

Goodnews f iver  

Kanektok h v e r  

Kanektok River 

Kanektok River 

Kuskokwim f iver  

Tuluksak f ive r  

Tuluksak River 

Kogrukluk River 

Kogrukluk River 

Takotna f iver  

Takotna River 

Yukon River 

North Klondike River 

McQueston f iver  

Blind Creek 

Nordenskiold River 

Takhini River 

Whitehorse Fish Hatchery 



Location Life N Year 
Stage 

Stoney Creek 

Sidney Creek J 167' 1992 

Unalakleet f iver  A 2 4 1992 

Unalakleet River A 7 1 1993 

'Samples cannot be used for allozyme electrophoresis due to poor quality. 
2 Numbers are approximate. 



The Alaska Department of Fish and Game receives federal funding. All of its public programs and 

activities are operated free from discrimination on the basis of race, religion, sex, color, national 

origin, age, or handicap. Any person who believes he or she has been discriminated against by this 

agency should write to: OEO, U.S. Department of the Interior, Washington, DC 20240. 
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